sorbed.14
The sorption sites in the mud might also be saturated by some material other than plutonium that binds to the particles at the same sites, reducing the effective Kd for plutonium and hence the delay in its transport. Studies done to date suggest that the chemical character of the sites does not greatly affect the adsorption of plutonium, but one would want to make the canisters from a material that would not compete with plutonium for the same adsorption sites.
A variety of mechanisms that might speed the transport of the plutonium to the surface have been examined. In the case of spent fuel or HLW, an important
However, the NEA and the JK Associates reports (op. cit.) both indicate that plutonium in particular will definitely be bound by the mud and is well studied.
" The formula for flux in an unsaturated region where there is linear behavior is F = -D dC/dx, where C is the concentration of the diffusant (plutonium, in this case) in the pore water and D is the diffusion coefficient in the pore water. (At this point the analysis will ignore a relatively unimportant correction for "tortuosity.") If the volume fraction available for pore water is e, in a steady-state gradient the mass flow due to diffusion is multiplied by the same factor e; however, the amount of diffusant species present per unit volume of mud is C x (e + y x K<j). The equation for the time rate of change of diffusant concentration in the pore water is then v x K^dC/dt) = -e x dF/dx. This recognizes that a unit volume of sediment at diffusant concentration C in the pore water contains about y x Kd x C mass of diffusant (insignificantly different from (e +vxAT</)x C for a heavily sorbed species). Combining the equations, we have the relation between time and space behavior of the concentration of diffusant in the pore water dCldt = D'd~C/dx~, in which D' is defined as eD/(e + yKd).
The 1984 OECD/NEA study (op. cit., p. 171) indicates a figure for the plutonium diffusion coefficient in "ocean sediments" of 1 x 10" , and about 30 percent larger for "bentonite backfill." This is entirely compatible with the figures used here, considering both the diffusion coefficient in water and the distribution coefficient between the pore water and the sediment. On the other hand, the 1988 NEA summary (op. cit., Vol. 1, p. 19) has a significantly lower diffusion time in the absence of sorption than calculated above, indicating that radionuclides that were not sorbed in the mud would reach the surface "on the order of 10 years after their release from waste packages emplaced at a depth of 50 +/- 20 meters in the sediment because of the time required for diffusion through the sedimentary pore water." The calculation in the text would have reached a similar conclusion had it used a diffusion coefficient equal to that of water, rather than the lower diffusion coefficient of plutonium.
The flux across the barrier once the plutonium has begun to penetrate it significantly, however, will not be reduced by sorption. Under the same assumptions, the steady-state flux across a barrier—for instance, between water saturated with plutonium at concentration C0 on one side of a sediment layer of width W, and the sea on the other side—is simply F = &DC0 /W, unaffected by the sorption on the sediment. volume, and for y x Kd » 1, the mass of plutonium per milliliter of gross volume would be larger than that in tfi*> crtintirtn untiirmt cnrhant hv o far-tnr v v Jf,- this annlips tn rhp. linear range, for which KJ is nearlvng cost of lost revenue, and the utility that owns the reactor would have to be persuaded to allow its use for this purpose. This option, however, would have the significant advantage of providing two reactors and a fuel-fabrication facility on a single nuclear-weapons complex site. The time and cost for modifying and licensing WNP-2 might turn out to be lessummary of the
